Background and aims: Sorafenib is the standard of care for patients with advanced hepatocellular carcinoma (HCC), yet treatment safety may be challenged by portal hypertension. We therefore assessed the prevalence, risk factors and clinical consequences of esophageal varices (EVs) in sorafenib-treated patients with HCC. Methods: Starting in 2008, all compensated patients with advanced or intermediate HCC not eligible for other therapies were consecutively enrolled in a prospective evaluation of sorafenib therapy, all with pretreatment by upper-gastrointestinal endoscopy (UGE). Results: A total of 150 patients received sorafenib for 4.6 (95% CI, 3.3-5.6) months. At baseline, 61 (41%) patients were EV free (group A), 78 (52%) had EVs (61 small EVs (group B), 17 medium/large EVs (group C)) and 11 (7%) previously endoscopically treated EVs (group D). Propranolol was given to all patients with medium/large EVs and those with previous bleeding. Twelve patients (8%) bled from EVs after 36 (18-260) days of sorafenib. During sorafenib, bleeding occurred in six of 26 group B patients with neoplastic portal vein thrombosis (nPVT), three of nine group C patients with nPVT, two of five group D patients with nPVT and one of six without nPVT (p < 0.0001), nPVT being the strongest independent predictor of bleeding by multivariate analysis (HR ¼ 15.4, 95% CI 1.84-129.6). Conclusion: UGE screening is worthwhile in HCC patients allocated to sorafenib since it identifies patients with EVs at risk of bleeding during therapy, particularly those with nPVT.
Introduction
Sorafenib, an oral multikinase inhibitor of the vascular endothelial growth factor (VEGF) and platelet-derived growth factor (PDGF) receptors and rapidly accelerated fibrosarcoma (Raf), is the standard of care for clinically compensated patients with advanced hepatocellular carcinoma (HCC) since it has been shown to significantly improve survival. 1, 2 In view of its antiangiogenetic activity, sorafenib has also resulted in a decrease of portal hypertension associated with cirrhosis, a frequent companion of HCC, as a consequence of an inhibition of portocollateral vascularization. This was clearly shown by experimental studies of portal hypertension, whereby sorafenib administration led to reduced portal hypertension by decreasing splanchnic neovascularization and intrahepatic fibrosis, [3] [4] [5] as well as in three small clinical reports showing portocollateral changes in cirrhotic patients with advanced HCC under sorafenib therapy. [6] [7] [8] At variance with these observations, however, are several reports of episodes of hemorrhage in patients enrolled both in clinical trials and field practice, [9] [10] [11] [12] although most bleeding episodes were mild and occurred at any site besides the gastrointestinal (GI) tract. 13 According to a recent metaanalysis of randomized trials, all-grade bleeding events occurred in no more than 14% (708 of 4934) of patients who were treated with either sorafenib or sunitinib, another inhibitor of multiple receptors of tyrosine kinases, for any solid tumor, conferring an incidence rate of 16.7% and a relative risk of bleeding of 2.0 (95% confidence interval (CI) 1.14-3.49, p ¼ 0.015). 1, 10, [13] [14] [15] Interestingly, this meta-analysis demonstrated no additive risk of bleeding for patients with HCC who had cirrhosis, too. The increased risk of bleeding in HCC exposed to sorafenib was confirmed by another metaanalysis: most episodes of bleeding were low grade and no more frequent than those occurring in patients with renal cell carcinoma. 16 These observations contradicted the results of the registration trial for sorafenib in HCC where the incidence of GI bleeding was similar in both active drug and placebo arms (2% vs 4%), but importantly patients were not examined pre-treatment for the presence of esophageal varices (EVs). 1 The dichotomous effect of sorafenib increasing the risk of bleeding and decreasing portal hypertension in parallel, together with the lack of data on GI bleeding safety in sorafenibexposed cirrhotic patients, led us to investigate the prevalence, risk factors and clinical consequences of EVs in patients undergoing sorafenib treatment in a prospective cohort study, being a study with a control arm unfeasible after sorafenib approval, even if it would better weigh the impact of sorafenib on EV bleeding.
Materials and methods

Study design
This is part of a single-center, investigator-driven, prospective, ongoing study to assess the safety and effectiveness of sorafenib in patients with advanced HCC or with intermediate HCC not eligible for or failing ablative therapies. The study started in July 2008. Part of the result was previously published. 17 All patients eligible for sorafenib treatment in our center underwent baseline upper-GI endoscopy (UGE) and were subsequently categorized in one of four categories and treated according to the bleeding risk: A) patients without EVs: no prophylaxis provided; B) patients with small (F1) EVs: no prophylaxis provided; C) patients with medium/large (F2-3) EVs and D) patients with past history of variceal bleeding: In both groups prophylaxis with non-selective beta-blockers (NSBBS) was given at the higher tolerated dose, if not already on treatment. These last patients had been previously treated with endoscopic variceal ligation (EBL) and were on regular endoscopic follow-up and/or NSBBS at the maximal tolerated dose. Excluded were patients with bleeding EV within the prior three months, until fully recovered.
Patients
All patients with advanced-stage HCC, i.e. classified as Barcelona Clinic Liver Cancer (BCLC) stage C and those with a BCLC-B stage who were not eligible for or had failed to respond to locoregional therapies, were consecutively enrolled. 18 None had received previous systemic therapy. HCC was diagnosed by the criteria of the American Association for the Study of Liver Disease 19 and staged by abdominal dynamic contrastenhanced computed tomography (CT scan) or gadolinium-enhanced magnetic resonance imaging (MRI). Each patient also underwent chest X-ray/CT scan and bone scanning. Neoplastic portal vein thrombosis (nPVT) was defined at baseline CT scan or MRI as a filling defect, partially or completely occluding the vessel in the portal venous phase, with clear evidence of enhancement during the arterial phase of dynamic imaging. Portal vein thrombosis (PVT) without this clear-cut evidence was considered as non-neoplastic. PVT extension was classified according to Shi et al. 20 Exclusion criteria were previous liver transplant and those criteria by the Italian Medicines Agency (AIFA), 21 i.e. an Eastern Cooperative Oncology Group (ECOG) performance status (PS) score 22 >2 and clinical decompensation. Cirrhosis was graded according to the Child-Pugh classification. 23 Written informed consent was obtained from each patient according to the ethics committee and the ethics guidelines of the 1975 Declaration of Helsinki, as updated in 2004.
UGE
All patients underwent UGE within one month before starting sorafenib treatment. All endoscopic procedures were performed by one skilled endoscopist (MP). EVs were classified according to the North Italian Endoscopic Club criteria: size and location (F, graded 0-3), and red wale marks (RWM). 24 Before starting sorafenib and during treatment, EBL was not considered for primary prophylaxis, while it was assumed as the first treatment choice in case of acute bleeding from EVs. Additional UGE surveillance during treatment with sorafenib was scheduled according to international guidelines, 25 unless clinically required.
Treatment schedule, dose modification and interruption
Sorafenib was administered at a dose of 400 mg twice daily following the indications provided by the manufacturer. 26 Dose reduction and drug discontinuation policies are those previously reported. 17 Briefly, grade 3-4 adverse events (AEs) resulted in dose modification or treatment interruption whenever the AE was clinically relevant; a dose reduction (400 mg once daily) or temporary interruption was maintained until the symptoms resolved to grade 1 or 2 according to the guidelines provided by the manufacturer, followed by a re-escalation to the full dose. Dose was also modified at the patient's request in patients showing grade 2 toxicity or whenever a grade 2 AE was judged clinically relevant. Progressive impairment of liver function was another criterion for dose modification or interruption. Therapy was discontinued whenever the patient developed unacceptable toxicity, or radiologic or symptomatic progression of HCC occurred.
Outcome measures
Safety was assessed in all patients who received at least one dose of sorafenib, and AEs were graded according to the National Cancer Institute's Common Terminology Criteria (version 3.0). 27 Bleeding from EV was defined according to the Baveno International Consensus Criteria and treated accordingly. 25, [28] [29] [30] Overall survival was measured from the date of starting sorafenib therapy until the date of death from any cause or the date of last visit. Patients dying with radiological and/or clinical evidence of tumor progression at any time point were classified as deaths due to HCC progression. By the same token, patients with clinical decompensation like jaundice, encephalopathy or sepsis lacking radiological signs of cancer progression, were classified as deaths due to end-stage liver disease (ESLD). Deaths due to GI hemorrhage, defined according to the Baveno International Consensus Criteria, 25, [28] [29] [30] were reported separately.
Statistical analysis
Data were collected by experienced medical personnel involved in the study using an electronic database. The primary outcomes were assessed by intention to treat, while continuous variables were expressed as mean AE standard deviation. Categorical variables were analyzed as frequency and percentages. The following baseline features were considered for univariate analysis: age, gender, ECOG-PS, etiology of liver disease, platelet count, albumin, international normalized ratio (INR) and bilirubin levels, alpha-fetoprotein (AFP) level, EV, nPVT and extrahepatic spread. The serum albumin cutoff value of !4 g/dl derives from data of its predictive power of bleeding in a multicenter randomized study in compensated cirrhotic patients. 31 Data from patients receiving anti-HCC treatment other than sorafenib were censored at the time of entry in the second-line regimen. Survival was analyzed by Kaplan-Meier estimate, and differences in the survival rates were assessed by the log-rank test. Variables with a p value < 0.10 at univariate analysis were included in the final multivariate analysis model. Cox's proportional-hazard model was used to identify prognostic factors for mortality in a multiple regression analysis. For all analyses, p 0.05 was considered statistically significant. All analyses were carried out with Stata 10.0 statistical package (Stata 1944-2007, College Station, TX, USA).
Results
By September 2013, 150 patients had been consecutively enrolled. Baseline characteristics of the study population are presented in Table 1 . Chronic hepatitis C virus infection was the predominant etiology; 138 patients (92%) were graded as Child-Pugh class A, while the 12 Child-Pugh class B patients lacked ascites, clinically overt jaundice and hepatic encephalopathy. At baseline, 67 patients (45%) had nPVT: one involving segmental branches of the portal vein (PV1), 31 involving either right or left portal vein branches (PV2), 29 involving the main portal trunk (PV3) and six involving the superior mesenteric vein (PV4). No case of benign PVT was identified in our cohort of patients.
Forty-nine (33%) patients had extrahepatic spread of the tumor, mainly in the abdominal lymph nodes, lungs and skeleton. Sorafenib was the first treatment modality in 46 (31%) patients. A total of 108 (72%) patients were in the BCLC-C stage and 42 (28%) in the BCLC-B stage, including seven (17%) who were not eligible for locoregional treatment. At the time of analysis, 26 (17%) patients were still alive (15 on treatment) and 124 (83%) had died. The median duration of treatment was 4.73 months (95% CI, 3.45-5.92) and the overall survival was 9.01 months (95% CI, 6.62-10.32).
At baseline 61 (41%) patients had no EVs (group A), 61 (41%) patients had small EVs (group B), 17 (11%) had medium/large EV (group C) and 11 (7%) previously ligated EVs in secondary prophylaxis (group D), with at least three stable investigations before starting treatment with sorafenib. Among patients with EVs, six had RWM on the variceal wall. All patients with medium/large EVs and those with a previous bleeding were given prophylaxis with NSBBS at the maximal tolerated dose (mean AE SD 80 AE 15 mg; mean AE SD heart rate 58 AE 4/min) before starting treatment with sorafenib, if not already on treatment.
Bleeding from EVs
EV bleeding occurred in 12 (8%) patients after 36 (18-260) days of treatment; no different site of bleeding was identified in our patients and none had either a recent history of nonsteroidal anti-inflammatory or anticoagulant drug intake. EV hemorrhage occurred in six patients with small EVs without previous bleeding (group B), five with medium/large EVs (group C) and one with previously treated EVs for past history of variceal bleeding (group D). All patients interrupted sorafenib because of the bleeding episode and were treated with emergency EBL and vasoactive drugs. All patients but one permanently discontinued sorafenib after the bleeding episode; two patients underwent a second-line treatment when recovered from bleeding.
Predictors of bleeding from EVs
By univariate analysis, EV hemorrhage was predicted by albumin level 4.0 g/dl (p ¼ 0.01), bilirubin > 1 mg/dl (p ¼ 0.002), presence of medium/large (p ¼ 0.0002) or previously treated EVs (p ¼ 0.02) and presence of nPVT (p ¼ 0.0002) ( Table 2 ). As shown in Table 3 , bleeding on sorafenib occurred in six of 26 group B patients with nPVT, in three of nine group C patients with nPVT, two of five group D patients with nPVT and one of six without nPVT (p < 0.0001). By multivariate analysis, nPVT (hazard ratio (HR ¼ 15.82, 95% CI 1.90-131.28) and albumin level 4.0 mg/dl (HR 0.11, 95% CI 0.14-0.91) were the only independent predictors of bleeding (Table 4 ).
Survival and outcome measures
The mean duration of sorafenib treatment was 2.29 months (0.59-8.57) in the 12 patients on treatment for EV bleeding and 6.40 months (0.26-24.16) in those not on treatment for EV bleeding (p ¼ 0.015). Among the 12 patients who bled from EVs during sorafenib treatment, at the time of analysis 10 patients had died. Six (60%) died of ESLD, two (20%) of HCC progression and two (20%) of EV hemorrhage: the first one, two days after bleeding, the second because of a further bleeding 117 days after sorafenib discontinuation (even though re-bleeding prophylaxis procedures were applied). Among the 138 patients who didn't bleed during sorafenib treatment, at the time of analysis, 114 patients had died: 78 (69%) of HCC progression, 
Discussion
Survival benefits emerged in two randomized controlled trials, 1,2 leading sorafenib to become the standard of care for clinically compensated patients with advanced-stage HCC. However, further emphasizing the peculiarity of HCC and its association with portal hypertension caused by cirrhosis, an increased risk of GI bleeding has been increasingly reported in patients enrolled in sorafenib therapy, possibly as a consequence of the anti-angiogenic activity of the drug, [11] [12] [13] 16 together with few data supporting the opposite effect reducing the risk of bleeding. [3] [4] [5] [6] [7] [8] Interestingly, while the rate of bleeding from any source is increased in cancer patients receiving anti-angiogenetic drugs, 13, 16 EV bleeding was not prominent in patients treated in the registration trial of sorafenib (2% in the active drug arm vs 4% in the placebo arm), 1 but the lack of UGE studies make the low incidence of variceal bleeding a mere reflection of a low prevalence of EVs in the study population. Moreover, a higher prevalence of patients with significant portal hypertension has been stochastically selected in our clinical practice study as compared to the Sorafenib HCC Assessment Randomized Protocol (SHARP) population, as suggested by different surrogates (i.e. lower median albumin level, higher prevalence of nPVT and slightly higher Child-Pugh and Model for End-Stage Liver Disease (MELD) scores). These AEs on sorafenib, however, are still not perceived important enough to modify pre-treatment patient selection according to the risk of bleeding.
The role of EVs in HCC is not a trivial point, since the increased mortality of HCC patients due to GI bleeding might question the indication for sorafenib treatment on itself. Surprisingly enough, most phase II and III studies testing anti-angiogenic drugs in HCC did not include EV as a pre-treatment selection criterion with the exception of two studies in which UGE was required following life-threatening episodes of GI hemorrhage. 1, 2, 16, 32, 33 To gather more insight into the role of EVs in patients with advanced HCC, we consecutively evaluated all patients suitable for sorafenib treatment and found two-thirds of them having pre-treatment EVs. While one-third of these patients had medium/large varices or a history of bleeding from ruptured EVs, a sizable number of patients had small varices that are known to mark increased bleeding risk, too. Indeed from a prospective study in HCCfree cirrhotics we learned that the two-year risk of bleeding is significantly higher in patients with any grade EVs compared to EV-free patients (12% vs 2%). 34 Not surprisingly, therefore, we found GI bleeding during sorafenib treatment to occur in 12 patients (8%), in all cases due to ruptured EVs. This is at variance with the prevalence of bleeding in the sorafenib arm of the SHARP study (2%) in contrast with 8% in our experience, corresponding to 13%, for patients with baseline EVs. In our study EV bleeding was not prevented by propranolol prophylaxis in 24% of patients with medium-large varices or with a previous bleeding from EVs, which is in line with historical results in HCC-free cirrhotic patients. 35, 36 Before our study, there were few data on the risk of bleeding in untreated advanced HCC patients and little information about the impact of prophylaxis on this population, and a new study in untreated patients is unfeasible after sorafenib approval. In most previous studies of primary and secondary prophylaxis, HCC was a criteria for exclusion or at least only patients with early HCC were allowed to be included, thus we were not in a position to fully understand whether strategies of treatment of portal hypertension in HCC-free patients do confer clinical benefits to patients with advanced HCC, eventually on sorafenib treatment. All in all, our data stress the need that patients with medium-large EV and those previously treated with banding should either undergo a careful clinical surveillance when receiving sorafenib therapy or a different approach should be considered. In our cohort of patients with a past history of variceal bleeding and EBL, we identified only a single HCC patient (9%) who bled during sorafenib treatment, with a known risk of re-bleeding in HCC-free cirrhotics between 17% and 40%, 37 suggesting the importance of achieving a good obliteration of EVs before starting sorafenib. However, we should consider-in real life-that the application of portal hypertension therapies in patients with advanced HCC waiting for sorafenib might encounter insurmountable difficulties. These patients, in fact, for whom NSBBS-related AEs can make it difficult to achieve a protective dosage of the drug, can hardly comply with the burden of EBL therapy. The multiple endoscopic sessions required to curb the bleeding risk can be not only unbearable for these frail patients, but can also delay sorafenib treatment, according to the potential for interaction between the drug and the physiological processes of wound healing.
Another interesting finding of our study was the identification of nPVT, whose prevalence is slightly higher than the 36% of the SHARP study, as a prognostic marker of bleeding. In fact, macroscopic vascular invasion by HCC was detected in 11 of 12 patients who bled, raising the rates of bleeding in patients with medium/large EVs or those previously treated up to 40%, calling for a cautious evaluation of the cost utility ratio of sorafenib therapy in patients with EVs, particularly those with nPVT. A recent retrospective study that compared the outcomes of 146 cirrhotics with HCC who had an acute variceal bleeding with an HCC-free group showed that nPVT was associated with increased rates of five-day death and six-week rebleeding and death. 38 Overall, PVT, in particular nPVT, was associated with the highest risk of secondary prophylaxis failure (HR: 4.62, 95% CI: 1.96-10.90 for nPVT). Finally, by multivariate analysis on survival rates of untreated patients in randomized clinical trials of HCC, nPVT emerged as a strong predictor of survival: our finding may suggest a possible explanation of the shortened survival in these patients, even if treated with sorafenib. 39 We acknowledge that our study has limitations, starting from the obvious drawback of EV bleeding being part of the natural history of cirrhosis independently of HCC. 40, 41 This notwithstanding, our survey allowed us to identify a subset of patients with medium/large or previously treated EVs with nPVT who had an exceedingly high risk of bleeding in the face of a moderate survival benefit conferred by anti-HCC treatment, possibly as a consequence of anticipated interruption of sorafenib.
Interestingly, the reduced survival in patients with variceal bleeding was caused by different reasons (two patients died of bleeding but many died of ESLD), while in the non-bleeders the main cause of death was tumor progression.
With all the caveats of the limited sample size of the study, EVs appear to be a real threat to HCC patients indicated for sorafenib therapy since severe portal hypertension likely accelerates the outcome of HCC patients, raising in parallel the question of whether prophylaxis is more efficacious with endoscopic band ligation or with propranolol. This notwithstanding, we provide here suggestions that screening with UGE patients with advanced HCC prior to starting sorafenib or any other anti-angiogenic drug helps manage the risk of bleeding from EVs.
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